Introduction
Rhabdomyosarcoma (RMS) is a common childhood soft tissue sarcoma associated with the skeletal muscle lineage. On the basis of histology, two main subgroups of RMS, embryonal rhabdomyosarcoma (eRMS) and alveolar rhabdomyosarcoma (aRMS), are distinguished. The majority of cases of the more aggressive aRMS are associated with one of two reciprocal translocations t(2;13)(q35;q14) or t(1;13)(p36;q14), generating intronic fusions of PAX3 (or PAX7) and FKHR, also known as FOXO1A (Galili et al., 1993) . The fusion proteins contain the two DNA-binding domains of PAX3 or PAX7, namely a paired and, a homeodomain and the transactivation domain derived from FKHR.
Earlier studies on PAX3/FKHR support an oncogenic role of this fusion protein in tumor-initiation and maintenance. A tumor initiating effect has been evaluated in vitro where ectopic expression of PAX3/ FKHR leads to transformation of chicken embryo fibroblast (Scheidler et al., 1996) , NIH3T3 cells (Lam et al., 1999) and a human eRMS cell line (Anderson et al., 2001) . Furthermore, PAX3/FKHR induces murine aRMS postnatally in cooperation with other oncogenic events such as loss of Ink4A/ARF locus (Keller et al., 2004) . Involvement in tumor maintenance is reflected by the fact that downregulation of fusion protein activity by antisense oligonucleotides induces apoptosis (Bernasconi et al., 1996) . Similarly, an inducible transcriptional repressor induced tumor regression in vivo via extensive apoptosis (Ayyanathan et al., 2000) , suggesting that established RMS tumors are dependent on PAX3/FKHR expression.
At the molecular level, PAX3/FKHR is a stronger transactivator compared to wild-type PAX3 Fredericks et al., 1995) . Therefore, the oncogenic properties of PAX3/FKHR are thought to base on dysregulation (that is upregulation or downregulation) of PAX3 target genes. However, recent studies suggested that PAX3/FKHR might alter the expression of gene targets quantitatively and qualitatively distinct from PAX3 (Epstein et al., 1998; Begum et al., 2005) . Understanding the oncogenic function of PAX3/FKHR hence requires identification of the pathophysiologically relevant target genes. One difficulty in this search has been that most studies relied on heterologous cell systems to express ectopically PAX3/ FKHR. Furthermore, most of these studies used clones stably expressing the fusion protein, which precludes discrimination of direct from indirect regulatory events. Nevertheless, a number of potential target genes have been suggested by studies performed in heterologous systems such as c-met (Epstein et al., 1996; Ginsberg et al., 1998) , MYCN (Khan et al., 1998) , bcl-xl (Margue et al., 2000) , CNR1 and BMP4 (Begum et al., 2005) or CXCR4 (Tomescu et al., 2004) . However, the pathophysiological role of these target genes regarding aRMS development or maintenance remains largely unclear.
Therefore, we developed a system to analyse PAX3/ FKHR dependent gene expression in aRMS itself. This system consists of two different parts: first, endogenous PAX3/FKHR was downregulated by RNA interference (RNAi) (Elbashir et al., 2001 ) in aRMS cells in culture followed by gene expression profiling. Second, expression signatures specific for PAX3(7)/FKHR translocations were identified in aRMS tumor biopsies (Wachtel et al., 2004) . Comparative expression analysis then was able to identify genes that are dysregulated by PAX3/ FKHR both in vitro and in vivo. Functional studies furthermore revealed that one of these direct target genes, TFAP2B, acts as an essential mediator of PAX3/ FKHR function in cell survival.
Results

PAX3/FKHR promotes aRMS cell survival
To characterize PAX3/FKHR target genes relevant for aRMS development and maintenance, we established a small interfering RNA (siRNA)-mediated downregulation strategy. Initially, nine different siRNA molecules against both the PAX3 part and the PAX3/FKHR breakpoint region were tested. siRNAs against the breakpoint region failed to efficiently downregulate the message (data not shown). The remaining siRNA duplexes resulted in specific downregulation efficiencies up to 50% of the original mRNA levels as measured by quantitative reverse transcription (qRT)-PCR. Higher silencing efficiencies were subsequently achieved by different combinations, whereby two siRNAs led to the most effective specific inhibition of 70% in RD eRMS cells and of 80% in Rh4 aRMS cells (Figure 1a) . At the protein level, a reduction to 50% of PAX3/FKHR in Rh4 cells and to 40% of PAX3 in RD cells was observed compared to control siRNAs (Figure 1b) . No unspecific interferon response was observed (data not shown). Therefore, this combination of siRNAs was used in all silencing experiments. As in translocation-positive aRMS cells alleles for both PAX3 and PAX3/FKHR are present, siRNAs targeting the PAX3 part of the fusion protein could downregulate both PAX3 and PAX3/FKHR. However, we found PAX3>1000-fold less expressed than PAX3/FKHR in Rh4 cells suggesting that wild-type PAX3 expression can be neglected (data not shown).
To characterize the physiological effects upon siRNA treatments, proliferation of RD and Rh4 cells after 24, 48 and 72 h of PAX3 silencing was measured. Cell growth was found to be inhibited significantly in cells treated with PAX3 and PAX3/FKHR siRNA, but not in untreated or control treated cells (Figure 1c and d) . Furthermore, active caspase-3/7 showed an approximately twofold increase specifically in cells with silenced PAX3 and PAX3/FKHR expression (Figure 1e and f) . Thus, an anti-apoptotic function of PAX3 in eRMS and PAX3/FKHR in aRMS cell lines could clearly be demonstrated, as anticipated from earlier findings (Bernasconi et al., 1996) . This validates our siRNA approach at the physiological level.
Comparative microarray analysis reveals novel candidate PAX3/FKHR target genes Next, we sought to identify candidate target genes of PAX3/FKHR using gene expression profiling after treatment of aRMS cells with siRNA and corresponding controls for 24, 48 and 72 h. As a model system, Rh4 cells were chosen based on previous expression profiling data indicating that Rh4 cells represent most closely in vivo biopsies (see Supplementary Materials, Figure 1 ). The microarray data were analysed using the GeneSpring 7.0 software (Figure 2a) . Genes downregulated after 24 h of PAX3/FKHR silencing, and therefore representing putative direct PAX3/FKHR targets, were selected. At the shortest time point of treatment (24 h) at which cellular apoptosis does not yet play a major role 1834 genes were specifically downregulated (>1.5-fold) when compared to scrambled siRNA (scRNA) treatment (see Supplementary Materials S1). This list of genes identified in vitro was then compared to PAX3(7)/ FKHR-translocation specific gene signature of 299 genes identified in aRMS tumor biopsies, representing putative in vivo PAX3/FKHR target genes (Wachtel et al., 2004) . This comparison finally generated an overlapping list of 51 genes, which is statistically highly significant (Po0.001) and not generated simply by chance (Figure 2b and c). These 51 genes therefore represent a transcriptional profile of in vivo PAX3/ FKHR target genes. They were grouped into different functional classes as indicated in Figure 2d and Table 1 . The largest set of genes including FGFR2 and CB1 (CNR1) appear to be involved in signal transduction (25%). Confirming our strategy, CB1 has been recently identified as a direct target of PAX3/FKHR (Begum et al., 2005) . The second largest number of genes encode proteins with enzymatic activity (20%). Among them are ADAM10 and ADAM19 metalloproteinases, which might be involved in the enhanced metastatic capability of aRMS cells. Finally, several genes are involved in transcriptional regulation and DNA binding such as the POU domain transcription factor POU4F1 and TFAP2B.
Apart from downregulated genes, we also found a group of genes upregulated 72 h after PAX3/FKHR silencing, suggesting that expression of these genes is normally repressed by PAX3/FKHR. This group comprised 260 genes (see Supplementary Materials S2). Upregulation was specifically observed only starting at 48 h, suggesting an indirect effect of PAX3/FKHR (Figure 3a) . Interestingly, genes with most prominent upregulation (up to 58-fold) are all related to normal myogenic differentiation. These included myosin light chain, troponin C, troponin I, crystalline aB and skeletal muscle myosin heavy chain. To confirm these findings, the expression values of two upregulated genes, TNNC2 (34.4-fold) and MYL1 (6.1-fold), were validated by qRT-PCR (Figure 3c ). Interestingly, upregulation was specific for aRMS cells and was not detected after downregulation of PAX3 in eRMS cells (Figure 3b and  d) . Therefore, these experiments support the hypothesis that one of the oncogenic functions of PAX3/FKHR is to block terminal differentiation. Furthermore, they suggest that the cellular background has a profound effect on target genes bound and activated by PAX3 and/or that the target gene spectra of PAX3 and PAX3/ FKHR differs (Zhang and Wang, 2006) .
TFAP2B is a direct target gene of PAX3/FKHR
One of the oncogenic functions of PAX3/FKHR is promotion of cell survival. Therefore, it was surprising that no classic apoptotic genes could be identified in our system. However, one of the potential target genes, TFAP2B, has previously been implicated in apoptosis in a mouse model (Moser et al., 1997) . We, therefore, further characterized this potential target gene, first by verification of the microarray expression levels after siRNA treatment by qRT-PCR with CB1 as a control (Figure 4a ). Next, we studied the impact of PAX3/FKHR on transcription of these genes in 293T cells, which normally express neither CB1 nor TFAP2B at substantial levels. As expected, after ectopical expression of PAX3/FKHR, transcription of both endogenous genes was induced B5-fold (Figure 4b ). To test whether direct DNA binding is necessary, we used PAX3/FKHR mutants in which either the paired or the homeodomain DNA-binding domain contains inactivating point mutations (Xia and Barr, 2004) . Interestingly, CB1 transcription was not induced by the mutant bearing a non-functional homeodomain, whereas TFAP2B transcription was not induced by the mutant with an impaired-paired domain. We therefore conclude that activation of CB1 depends mainly on the PAX3 homeodomain, and that of TFAP2B however on the paired domain (Figure 4b ). Full transcriptional activation, however, can only be reached using the intact PAX3/FKHR protein.
To identify potential paired domain binding sites in the TFAP2B promoter, 3200 bp upstream of the transcriptional start site and deletion constructs thereof were cloned in front of a luciferase reporter and used in reporter assays in 293T cells. PAX3/FKHR induced a significant transactivation of up to threefold compared to control with the full-length as well as a shorter 1.5 kb (deletion construct 1, TFAP2b_1) reporter construct ( Figure 4c ). Further deletion down to 0.8 kb (deletion construct 2, TFAP2b_2) reduced transactivation significantly. Transactivation of the 1.5 kb construct was also dependent on an intact paired domain as observed before (Figure 4d ). Therefore, these experiments suggested a potential binding site for the PAX3/FKHR paired domain between À1592 and À806 bp. To verify these results, we next performed a chromatin immunoprecipitation (ChIP) experiment to test for direct binding of PAX3/FKHR to this promoter region. Deletion constructs 1 and 2 were cotransfected with a His-tagged PAX3 construct into 293T cells and immunoprecipitated with either control IgG or specific anti-His antibodies. We recovered a twofold higher amount of TFAP2B promoter DNA from the specific immunoprecipitation of deletion construct 1 compared to the control but not of deletion construct 2. These experiments verify that PAX3/FKHR can bind to the TFAP2B promoter in the region À1592 to À806 (Figure 4e ). In this region, three potential PAX3/ FKHR-binding sites at positions À1461, À1252 and À1186 were identified ( Figure 4f ). Using site-directed mutagenesis these sites were deleted individually and tested in a reporter assay. Whereas promoter fragments Table 1 . aRMS, alveolar RMS; RMS, rhabdomyosarcoma; scRNA, scrambled siRNA; siRNA, small interfering RNA.
PAX3/FKHR target genes
M Ebauer et al with deletion of the site À1461 (deletion 1) could be activated >3-fold, deletion of the six nucleotides GTTCCG at position À1252 bp (deletion 2) reduced the transactivation potential of PAX3/FKHR to background levels. As this motif has previously been described as binding motif for paired domains (Mayanil et al., 2001) , it represents a likely binding site for the PAX3/FKHR paired domain. Deletion 3 at position À1186 also showed reduced activity (twofold), suggesting that this site plays an assistant role. To confirm these data, an electrophoretic mobility shift assay was performed with double-stranded oligonucleotides corresponding to deletion sites 2 (Figure 4h ) and 3 (data not shown). As expected, DNA-protein binding could be observed after ectopical expression of His-tagged PAX3 and was comparable when using PAX3/FKHR (data not shown). Furthermore, DNAprotein binding with the oligonucleotide specific for deletion site 3 was considerably weaker, consistent with the observation made with reporter deletion constructs (Figure 4g) .
We conclude from these experiments that TFAP2B is a novel direct target gene of PAX3/FKHR whose transactivation is dependent on two DNA-binding motifs recognized by the PAX3 paired domain at positions À1252 and À1186 bp. PAX3/FKHR target genes M Ebauer et al TFAP2B mediates anti-apoptotic function of PAX3/ FKHR TFAP2B has been shown to suppress myc-induced programmed cell death in a range of cell lines (Moser et al., 1997) . Therefore, we hypothesized that the pro-survival function of PAX3/FKHR might depend on expression of TFAP2B as a PAX3/FKHR target gene. To test this hypothesis, we first investigated the effects of specific TFAP2B silencing on cell survival. siRNA-mediated silencing of TFAP2B resulted in PAX3/FKHR target genes M Ebauer et al efficient downregulation of TFAP2B expression on mRNA (80%) as well as on protein (50-60%) level (Figure 5a and b) . Downregulation of TFAP2B resulted in suppression of cell proliferation, not observed in control treated cells. Importantly, specific siRNA treatment also increased the rate of apoptosis as measured by an increase in caspase-3/7 activity by 1.7-fold (Figure 5d ). The number of apoptotic cells significantly increased from 3 to 41% (Figure 5e ), an increase very similar to the result observed after PAX3/ FKHR silencing (3-36%). These experiments suggest that the anti-apoptotic function of PAX3/FKHR might be mediated, at least in part, by direct transcriptional activation of TFAP2B.
To test this directly, Rh4 cells stably overexpressing TFAP2B from a heterologous promoter were generated. PAX3/FKHR was downregulated by siRNA treatment and cell proliferation and apoptosis rate measured as before. In these cells proliferation was rescued to almost normal levels (Figure 6a ) and the number of dead cells increased only slightly (1.6-fold) whereas dead cells increased 5.1-fold in non-transfected and 3.5-fold in mock-transfected Rh4 cells (Figure 6b ). We conclude from these experiments that TFAP2B acts downstream of PAX3/FKHR to mediate, at least part, of its anti-apoptotic function and therefore represents an essential target gene of PAX3/FKHR.
Discussion
The identification of physiologically relevant PAX3/ FKHR target genes is crucial for understanding the oncogenic function of this chimeric transcription factor. Analysis of target genes has been hampered by the use of heterologous cell systems to study the fusion protein.
Here, we used patient-derived aRMS cells to analyse PAX3/FKHR target genes using a loss-of-function silencing approach, in parallel to data acquired from tumor biopsies. This approach allowed the identification of a large set of bona fide PAX3/FKHR target genes.
The choice of aRMS cells to be used as a model system was important and based on previous expression profiling data. These indicated that Rh4 cells most closely reflect in vivo biopsies and therefore are best suited to serve as model for aRMS tumors (Wachtel et al., 2004) . Similar to other aRMS cells (Bernasconi et al., 1996; Ayyanathan et al., 2000) , we found that ongoing expression of PAX3/FKHR is required for Rh4 cell survival, suggesting that aRMS cells are 'addicted' to PAX3/FKHR expression. Measuring changes in the transcriptome at different time points after silencing of PAX3/FKHR revealed a set of genes whose expression is downregulated in parallel with PAX3/FKHR, and was therefore analysed in more detail.
Interestingly, at 24 h after silencing only downregulated genes were identified, which is in agreement with the observation that PAX3/FKHR mainly acts as transcriptional activator. Within the subset of potential PAX3/FKHR target genes, already known targets were present, like CB1 (Begum et al., 2005) , MYCN (Khan et al., 1998) and NCAM (Edelman and Jones, 1995) , thus confirming our strategy. To constrict the list to those genes relevant in vivo, the set was compared to a PAX3(7)/FKHR-translocation specific gene signature identified directly from aRMS tumor biopsies. From this comparison, we identified a subset of 51 overlapping genes, which are likely to represent relevant PAX3/ FKHR targets important for the oncogenic properties of the fusion protein. The comparative expression profiling therefore revealed a large amount of novel biological information. In a very recent study, Davicioni et al. (2006) measured the expression profiles after expression of PAX3/FKHR in the related eRMS cell line RD and compared this gene set to data from tumor biopsies. Of the 61 potential target genes identified in their study, 9 are identical with genes identified in our study, namely ABAT, ADAM10, BMP5, IL4R, KIAA0555, MYCN, NELL1, NRCAM and POU4F1. In addition, another three genes (TFAP2B, CDH3 and CNR1) were excluded in their analysis only because transcriptional activation 
PAX3/FKHR target genes
M Ebauer et al in RD cells was below the defined threshold level. This again underscores the validity of our approach. Performing ontology studies, six main groups of target genes were identified, such as genes encoding for receptors, among them FGFR2 or IL4R, which are obvious candidates as therapeutic targets. Moreover, genes like NCAM, ADRA2A, POU4F1 or BMP5 could elucidate pathways involved in cell development and differentiation in aRMS. Other characteristics of aRMS tumors may be the result of other targets of PAX3/FKHR, such as ADAM 10 and ADAM 19, which could play a role in enhanced metastatic potential of aRMS cells, a crucial property of the alveolar subtype.
Interestingly, 72 h after siRNA treatment a set of genes upregulated in Rh4, but not in RD cells was identified, suggesting a specific repressing effect of PAX3/FKHR. This set included numerous genes related to muscle differentiation (see Table 2 ). There are different possible explanations for this observation: first, PAX3/FKHR could upregulate a transcriptional repressor, whereby repression would be an indirect effect, consistent with the time point (72 h) at which expression changes were identified. Alternatively PAX3/ FKHR is directly involved in repressing myogenic differentiation, which is consistent with the oncogenic role of this transcription factor. This differentiationrepressing activity of PAX3/FKHR is supported by recent studies, where PAX3 was shown to play a role in both initiation of the melanogenic cascade while preventing at the same time terminal differentiation in melanocyte stem cells (Lang et al., 2005) . The precise mechanism how PAX3/FKHR accomplishes this differentiation barrier in aRMS is not clear. However, in our study expression levels of well-known factors in the myogenic differentiation pathway downstream of PAX3 such as myogenin or MyoD were too low to be detected on our microarrays.
Among the target genes identified, which are interesting candidates to transduce the oncogenic effects of PAX3/FKHR, was TFAP2B. It belongs to a transcription factor family consisting of four members, which are known to be coexpressed in early premigratory and migrating neural crest cells. Moreover, TFAP2B has been shown to play a role in apoptosis and survival of epithelial cells in collecting ducts and distal tubuli in mice embryonic tissue (Moser et al., 1997 (Moser et al., , 2003 . Since PAX3/FKHR is also involved in regulation of cell survival, TFAP2B was confirmed at the molecular level as a direct target of PAX3/FKHR. The use of PAX3/ FKHR mutants with impaired DNA-binding activity demonstrated paired domain dependency of TFAP2B Further supporting the notion that TFAP2B is a physiologically relevant in vivo target gene comes from the recent observation that TFAP2B is a highly specific and sensitive marker for translocation-positive aRMS in immunohistochemical analysis (Wachtel et al., 2006) . This study directly confirms in vivo expression of the TFAP2B protein in a large number of tumor samples. Importantly, a similar behavior was observed for CDH3 (p-cadherin), and also this gene was identified in our study. Therefore, it very likely represents an additional in vivo target gene of PAX3/FKHR.
Next, the physiological relevance of TFAP2B for aRMS cell growth and survival was directly examined. Our data showed that downregulation of TFAP2B in aRMS cells induced apoptosis as efficiently as downregulation of PAX3/FKHR. Interestingly, induction of apoptosis by silencing of PAX3/FKHR could be prevented by TFAP2B overexpression. These results suggest that TFAP2B is directly involved in transduction of a PAX3/FKHR regulated oncogenic characteristic namely anti-apoptotic properties. Identification and analysis of the downstream apoptotic mechanisms is currently ongoing and may identify additional therapeutic target genes. In addition, these rescue experiments directly demonstrate that our target gene signature is not due to any off-target effects of siRNA treatment.
In conclusion, we identified a comprehensive signature of in vivo PAX3/FKHR target genes, which are likely involved in mediating several oncogenic properties of the fusion protein such as migration, differentiation and survival. Indeed, TFAP2B mediates, at least in part, the survival function of PAX3/FKHR. Our approach of silencing fusion genes in its cellular context combined with in vivo expression data appears to be highly successful for identification of physiological targets to develop new therapeutics. The PAX3/FKHR construct consists of 3.7 kb insert cloned into pcDNA3 vector, PAX3/FKHR-derived mutants have a single-point mutation G48S or N269A located in the paired and homeodomain, respectively.
Materials and methods
Cell lines and plasmids
For generation of Rh4 cells stably overexpressing murine TFAP2B, cells were transfected with the pcDNA3.1Neo plasmid containing a 1.8 kb TFAP2B insert. Mock transfection with pcDNA3.1Neo was performed in parallel as control. Selection of stably transfected cells was preformed with 1 mg/ ml G-418 sulfate (Promega, Wallisellen, Switzerland).
siRNA-mediated silencing PAX3 and PAX3/FKHR knockdown was induced by RNAi (Elbashir et al., 2001) . A total of 2 Â 10 5 Rh4 or RD cells was plated and 24 h later transfected with a combination of two chemically synthesized siRNAs (5 0 -AAGAGAGAACCCGGGCA UG-dTdT and 5 0 -CAUGGAUUUUCCAGCUAUA-dTdT) both targeting the PAX3 part of the fusion gene (Qiagen, Hombrechtikon, Switzerland). For downregulation of TFAP2B, Rh4 cells were transfected with siRNA with the sequence 5 0 -ACUUCGAAGUACAAAGUAA-dTdT (Qiagen, catalog no. S100049259). As positive control siRNA targeting glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (catalog no. 4605, Ambion, Huntingdon, UK) was used, as negative control scRNA with the sequence 5 0 -UUCUUCGAACGUGU CACGU-dTdT (Qiagen, catalog no. 1022076) with no known homology to mammalian genes. Transfection was carried out according to the manufacturer's instructions using 7 ml of GeneEraser (Stratagene, La Jolla, CA, USA) and 20 nM siRNA (final concentration).
Quantitative RT-PCR Total RNA (1 mg) was reverse transcribed with Oligo(dT) 15 Primer using the Omniscript Reverse Transcription Kit (Qiagen). qRT-PCR detection of PAX3, TFAP2B and GAPDH was carried out with the commercially available assays-on-demand Hs00240950_m1, Hs00231468_m1 and Hs99999905_m1 (Applied Biosystems, Rotkreuz, Switzerland), respectively. qRT-PCR detection of PAX3/FKHR was performed using PAX3 For (5 0 -GCACTGTACACCAAAGCACG-3 0 ) and FKHR Rev (5 0 -AACTGTGATCCAGGGCTGTC-3 0 ) primers applying the fluorescent SYBR green method (Applied Biosystems) on an Applied Biosystems 7900HT.
Western blot
About 10 mg of nuclear protein was used for western blotting using NuPAGE electrophoresis system (Invitrogen, Basel, 
Gene expression analysis
Global changes in gene expression were measured using Affymetrix HGu-133A GeneChip arrays (Affymetrix Inc., Santa Clara, CA, USA). cRNA target synthesis and experimental procedures for GeneChip hybridization and scanning were carried out according to the 'GeneChip eukaryotic small sample target labeling technical note' (Affymetrix). Expression data of siRNA, scRNA (control) and non-treated cells was analysed using dChip2004 (Li and Wong, 2001 ) and GeneSpring7.0 with default normalization and a cross-gene-error model, resulting in 16221 genes. Representative data from two biological replicates are shown.
Cell proliferation assays
Cell proliferation was measured using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Roche, Rotkreuz, Switzerland). Before MTT measurement, a standard curve for each cell line was generated using 500 to 1 Â 10 5 cells per well. A total of 1 Â 10 4 Rh4 or RD cells were plated per 96-well and transfected 24 h later. The amount of converted MTT reagent was measured at different time points up to 72 h later by a multi-detection microplate reader (Bio-Tek Instruments Inc., Littau, Switzerland).
Apoptosis assays
One thousand cells from each experimental condition were assayed for caspase-3 activation using the caspase-Glo 3/7 Assay (Promega, Wallisellen, Switzerland) according to the manufacturer's instructions. Caspase activity was measured at an excitation wavelength of 485 nm and an emission wavelength of 516 nm. For the calculation of standard deviations, first the quotient of treated versus untreated cells was determined. The s.d. of the quotient was then calculated as follows: for two numbers, A and B, with standard deviations, a and b, (A7a)/(B7b) ¼ (C7c) and c ¼ A=B Ã ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi ðða=AÞ 2 þ ðb=BÞ 2 Þ q . For fluorescence-activated cell scanning (FACS) analysis, Rh4 cells from one confluent 35 mm dish were stained with 200 ml of propidium iodide (PI) followed by cytometry analysis on a Cytomics FC500 Instrument (Beckman Coulter, Nyon, Switzerland). The flow cytometry data were then analysed by the FlowJo software.
Cloning of the TFAP2B promoter and generation of deletion constructs TFAP2B promoter region from positions À3200 to þ 1 was amplified by PCR (primer: For, 5 0 -AAAGTACGAGTGTTA ACTATCTGG-3 0 ; Rev, 5 0 -GCAGCCTGGTCTCTAGGAG G-3 0 ) from 293T cell genomic DNA and cloned into the pGL3 basic luciferase vector (Promega, Wallisellen, Switzerland). Deletion constructs were prepared using the Erase-a-base Kit (Promega), allowing progressive unidirectional deletions of approximately 200 bp at the 5 0 end of the insert.
Luciferase assay A total of 1 Â 10 5 293T cells were plated per 35 mm plate and cotransfected 24 h later with 2 mg of TFAP2B promoter in pGL3basic plasmid plus 1 mg of either PAX3/FKHR or PAX3/ FKHR-derived mutants or pcDNA empty vector plus 100 ng of pFIV-CMV-LacZ control plasmid (System Biosciences, Heidelberg, Germany) using the Ca 2 PO 4 transfection method. After 24 h cells were lysed in reporter lysis buffer and assayed for luciferase as well as b-galactosidase activity using the corresponding assay systems (Promega). Luciferase activity values were normalized to the b-galactosidase activity and expressed as relative luciferase units.
ChIP assay
ChIP was performed using a commercially available ChIP-IT enzymatic kit (Active Motif, Rixensart, Belgium) according to manufacturer's instructions. 293T cells were cotransfected with two different deletion constructs, TFAP2B_1 or TFAP2B_2 containing 1592 and 806 bp of the TFAP2B upstream promoter region, respectively and a PAX3 construct encoding for His-tagged PAX3 protein. DNA-bound protein was immunoprecipitated using an anti-His (Qiagen) antibody or mouse IgG (Active Motif) as negative control. For quantification of coprecipitated DNA, amplification of a 470 bp region of the TFAP2B promoter with primer: For, 5 0 -GCGCAGA GATCCTCTTCTGG-3 0 ; and Rev, 5 0 -AGCAACGTACGCA CACGTTC-3 0 was measured by SYBR Green qRT-PCR. Signals of the anti-His precipitates were normalized to the signals of the IgG precipitates.
Electrophoretic mobility shift assays Electrophoretic mobility shift assays were performed using the Chemiluminescent Nucleic Acid Detection Module (Pierce, Rockford, IL, USA) according to manufacturer's instructions. Each protein-DNA binding reaction was carried out using 8 ml of nuclear extracts from PAX3-His or PAX3/FKHR transiently transfected 293T cells and 20 fmol of biotin-labeled double-stranded oligonucleotides corresponding to two possible PAX3-binding sites. Deletion site2-specific sequences Del2 (5 0 -AGATCCTCTTCTGGGCGTCTGTTCCGGCTATGAG AAGCTCTCCGCA-3 0 ) and as control Del2Contr (5 0 -AGAT CCTCTTCTGGGCGTCTAAAAAAGCTATGAGAAGCTC TCCGCA-3 0 ) as well as deletion site-3-specific sequences Del3 (5 0 -GGGGATGGGAAAGGGGGAACAGGGGAACAGAT GAGTATTCATTTC-3 0 ) and the control Del3Contr (5 0 -GG GGATGGGAAAGGGAAAAAAAGAAAAAAGATGAGT ATTCATTTC-3 0 ) were synthesized as 5 0 -biotin-labeled complementary oligonucleotide pairs (Microsynth, Balgach, Switzerland).
